Baldellia ranunculoides (L.) Parl. (Alismataceae) is a taxonomically problematic aquatic plant with an historically illdefined distribution and global conservation status. This paper finds morphological, ecological and molecular evidence for two distinct taxa, probably best described as subspecies: (1) B. ranunculoides subsp. ranunculoides and (2) B. ranunculoides subsp. repens and provides detailed distribution data on their overlapping range, in different habitats, across the cool, high rainfall areas of western Europe and west Mediterranean. The two subspecies are amongst the relatively large number of threatened European and north Africa aquatic plants and this paper provides a systematic review of their relative conservation pressures and management needs, with particular emphasis on the status of both taxa in central Europe. Other observations indicate probable evolutionary relationships within B. ranunculoides s.l. and its associated taxa and the review points out where these and other research topics could potentially be pursued.
Introduction
Baldellia is one of several small genera within an exclusively aquatic plant family, the Alismataceae. It has two generally well-recognised species, B. ranunculoides (L.) Parl. and B. alpestris (Coss.) Vasc. but there is disagreement over further taxonomic divisions. Several authors recognise a third species, B. repens (Lam.) van Ooststroom, which others simply treat as a subspecies (B. ranunculoides subsp. repens (Lam.) À . Lö ve & D.
Lo¨ve) or even as a variety of B. ranunculoides. The situation is often just overlooked (e.g. Dandy, 1980) . The taxonomic difficulties in B. ranunculoides s.l. have hindered conservation decisions and priorities although (as with many aquatic plants) all taxa show signs of a serious decline, through habitat destruction, rangefragmentation and other anthropogenic change. We have undertaken a systematic and through review of Baldellia in the literature, the herbaria of the University of Zu¨rich, Swiss Federal Institute of Technology Zu¨rich (ETH-Zu¨rich), the Botanical Garden of Geneva, the Natural History Museum of Fribourg and the University of Neuchaˆtel together with unpublished data and personal observations to provide a comparative review of the ecology, systematics and range status of both subspecies of B. ranunculoides. Such detailed ecological and morphological separation of both taxa will help to better understand their different causes of decline as well as several other taxonomic, evolutionary, ecological and biogeographic issues in the genus Baldellia.
Taxonomy
The genus Baldellia belongs to a monocotyledonous family, the Alismataceae in the Alismatales: one of the very few exclusively aquatic plant orders. The Alismatales mainly consist of marsh plants and freshwater aquatics with a few marine members, e.g. Enhalus, Halophila and Thalassia, family Hydrocharitaceae (Dahlgren et al., 1985; Cook, 1990; Les et al., 1997) . The taxonomic relationships of the Alismatales are still not completely understood (Markgraf, 1981; Tomlinson, 1982; Dahlgren et al., 1985) but the order -and especially the Alismataceae and Butomaceae -has often been regarded as an especially ancient plant group and perhaps amongst the most primitive of the monocotyledons. It has, for instance, numerous atypical characteristics and also many affinities with the dicotyledonous Nymphaeales (e.g. Nymphaeaceae) and Ranales (e.g. Ranunculaceae) (Wilder, 1975; Cronquist, 1981; Markgraf, 1981; Chase et al., 1993; Janssen and Bremer, 2004) , although Tomlinson's study of anatomy in the Helobiae indicates numerous differences between the Ranunculaceae and Alismataceae (Tomlinson, 1982) . He concludes that modern anatomical and morphological studies challenge some of these views of primitiveness. Dahlgren et al. (1985) have also proposed that morphological similarities, especially with Nymphaeaceae, could simply be the result of convergent evolution, which is especially prevalent in aquatic habitats.
The Alismataceae is a family of perennial -or more rarely annual -herbs, mostly found in the northern hemisphere and with a centre of diversity in the tropics and subtropics (Dahlgren et al., 1985; Cook, 1990) . There is no consensus on the total number of genera and species but, with 10-14 genera and about 90-100 species it is certainly one of the smaller plant families (Markgraf, 1981; Cook, 1990; Haynes et al., 1998) . For further information on the Alismataceae see e.g. Buchenau (1882 Buchenau ( , 1903 , Cook (1990) , Casper and Krausch (1980) , Tomlinson (1982) and Dahlgren et al. (1985) .
Baldellia is one of several small genera in the Alismataceae (like Damasonium and Luronium) that have been split from the original Linnaean genus Alisma. Unlike these other genera, though, Baldellia has had a notably controversial and prolonged taxonomic history and the identity of at least one species, B. ranunculoides and several of its infraspecific taxa has been equally complex (Table 1) . These factors have significantly affected our understanding of the biogeography, ecology and conservation status of the relevant taxa. Linnaeus (1753) included the species now called Baldellia ranunculoides in the genus Alisma (Table 1) , but it was later transferred by Engelmann (1848) into the newly described (and otherwise American) genus Echinodorus. Very soon afterwards, however, Parlatore (1854) noted several differences in flower characters between the supposed Old World member of this genus and its New World counterparts. Significantly, the European species had six stamens and a terminal style whilst New World Echinodorus species usually had more 
Baldellia ranunculoides
Parlatore (1854) Echinodorus ranunculoides var. ranunculoides Glu¨ck (1905) Baldellia ranunculoides ssp. ranunculoides Lo¨ve and Lo¨ve (1961b) , Casper and Krausch (1980) B. ranunculoides subsp. repens Alisma repens de Lamarck (1786), Cavanilles (1791) Echinodorus ranunculoides var. repens Smith (1828) a , Glu¨ck (1905) , Ascherson and Graebner (1913) Echinodorus ranunculoides forma repens Buchenau (1903) Echinodorus repens Kern and Reichgelt (1950) 
Baldellia repens
van Ooststroom (1956), Lawalre´e (1959) Baldellia ranunculoides ssp. repens than six stamens with lateral styles. He used these differences to describe a new genus, which he named Baldellia, in honour of the governor of Tuscany, Bartolommeo Bartolini-Baldelli (Parlatore, 1854; Markgraf, 1981) .
This taxonomy was not, however, universally accepted and the two names Echinodorus and Baldellia continued to be used interchangeably in Europe over the next hundred years (Table 1) . It is only in the last half century or so that monographs and studies of the Alismataceae have generally accepted the separation and, until recently, most of these still assumed a close relationship between the two genera (e.g. Cook, 1990) . In fact, more recent molecular, chromosomal and anatomical studies demonstrate that Baldellia is actually more closely related to Alisma, Damasonium and Luronium (Hess et al., 1977; Uchiyama, 1989; Les et al., 1997; Posluszny et al., 2000; Charlton, 2004; Chen et al., 2004) . Notably, perhaps, the only reported intergeneric hybrids of Baldellia in the wild have been with Alisma plantago-aquatica and Alisma lanceolatum (Hess et al., 1977; Markgraf, 1981) .
Although the generic identity of Baldellia has been recently resolved, its specific (and intraspecific) characters present a continuing difficulty ( Table 1) . The neoendemic B. alpestris (Coss.) Vasc. of northwest Iberia is relatively uncontroversial (Vasconc¸ellos, 1970; Cook, 1983; Moreno Saiz and Sainz Ollero, 1992) and does not require further discussion here but the taxonomic history of B. ranunculoides s.l. and, especially, its prostrate ''repens'' variant has had a very erratic course. The reasons for this seem to have been difficulties with the original description and, perhaps, the availability of material (Jones, 2006) but it is also likely that intermediates (or hybrids) have added to the confusion.
The first description of a distinctively stoloniferous, large-flowered plant was published by de Lamarck (1786) , as Alisma repens, from material collected in La Calle (modern El Qala or El Kala) in northeast Algeria. It was illustrated shortly afterwards by Cavanilles (1791) . There are a few subsequent reports of this species from elsewhere in Europe (e.g. Davies, 1813) but it was soon reduced to a variety of A. ranunculoides var. repens with the discovery of apparent intermediates (Smith, 1828) .
This taxonomic perception remained unchanged up to Buchenau's first comprehensive monograph on the Alismataceae (1903) and Glu¨ck's (1905) very thorough treatment of aquatic plants (which maintained repens as just one variety in a series). Ascherson and Graebner (1913) subsequently adopted the more conservative idea of just two varieties (Echinodorus ranunculoides var. ranunculoides and E. ranunculoides var. repens) in their influential Synopsis and, for the first half of the 20th century this taxonomic view prevailed.
The major reassessment came about through a more detailed description of material from the Dutch/Belgian border by Kern and Reichgelt (1950) , which provided a range of new and consistent characters for subsp. repens. Kern and Reichgelt chose to restore this taxon to species status (in Echinodorus) and, subsequently, van Ooststroom (1956) was able to reassign it to Baldellia. The combination B. repens has been generally taken up in Floras and publications from north Europe and the Benelux countries and is occasional in France and elsewhere (e.g. Lawalre´e, 1959; van Rompaey and Delvosalle, 1972; Cools, 1989; Lindblad and St( ahl, 1989; Ingelo¨g et al., 1991; Aronsson, 1999; Lid and Lid, 2005) .
By contrast, central and northwest European sources tend to regard this plant -if it is recognised at all -as a subspecies of B. ranunculoides (e.g. Casper and Krausch, 1980; Vuille, 1988; Triest and Vuille, 1991; Jones, 2006) . This difference of perception could be significant for a number of reasons (see, for instance, 'Conservation threats and status' below) but is not very easy to explain -or assess. Both taxa do indeed have clear and consistent differences (see Table 2 ) but these also occasionally overlap, both in terms of habitats and morphology. There is also evidence of morphological and genetic intermediates (Vuille, 1988; Triest and Vuille, 1991; Bocchieri and Iiriti, 2003; Jones, 2006;  personal observations) which, it will be remembered, was one of the main reasons for the early reassessment of this taxon as a variety (Smith, 1828) . Additionally, Molina Abril et al. (1994) have recently described a new subspecies of B. ranunculoides (subsp. cavanillesii) from Spain, which also seems to have some characteristics of an intermediate. Whilst this taxon has appeared in some local publications (e.g. Sardinero Roscales, 1994) its taxonomic status probably needs further investigation (although we have not had the opportunity to do so here). These intermediates seem to be more frequent in edge-of-range populations (perhaps where ecological barriers have tended to break down) and it is likely that they have contributed here to some taxonomic uncertainty.
If, as seems probable, intermediates are best understood as widespread, naturally occurring hybrids, there is some justification for regarding their parent taxa as relatively close. There is clearly a need for more work (especially of a molecular genetic nature) on the issue but, from the preceding taxonomy and, especially, the presence of intermediates this review accepts the more conservative position of one species, Baldellia ranunculoides, divided into two subspecies: (1) B. ranunculoides subsp. ranunculoides, a palaeoendemic taxon found throughout western Europe and the Mediterranean region, and (2) B. ranunculoides subsp. repens, partially sympatric with subsp. ranunculoides but with different ecology (Lawalre´e, 1959; Casper and Krausch, 1980) . As Vernacular names (unless otherwise indicated refer only to subsp. ranunculoides)
Danish: almindelig søpryd (subsp. repens: krybende søpryd); Dutch: stijve moerasweegbree (subsp. repens: kruipende moerasweegbree); English: lesser water-plantain (subsp. repens: creeping water-plantain); Flemish: stijve moerasweegbree; French: fluˆteau or baldellie fausse renoncule (subsp. repens: flû teau rampant); Table 2 . Morphological and biological differences between B. ranunculoides subsp. ranunculoides and subsp. repens (based on Kern and Reichgelt, 1950; Lawalre´e, 1959; Casper and Krausch, 1980; Vuille, 1988; Triest and Vuille, 1991; Lindblad and St( ahl, 1990; Jones, 2006; and personal 
Morphological and anatomical characterisation Morphology
Both subspecies are phenotypically very plastic aquatic herbs with a submerged or partially submerged rootstock (although individual plants can be wholly terrestrial in damp ground). They are also both usually perennial although, in rare cases, each can produce annual forms -for example in temporary pools or in the draw-down zone of large permanent water bodies. These ''annual'' plants, though, represent an atypical situation (failure to survive extended desiccation) and are not at all a genetic variant.
Habit
The habit of both subspecies is based, as in all the Alismataceae, on a common sympodial stem architecture but there are very important differences between the two taxa in their axis-development (Tomlinson, 1982) . The vegetative axis of B. ranunculoides subsp. ranunculoides is a short erect corm, accommodating a dense cluster of broadly sheathing leaf bases, almost like a bulb (ca. 2 cm long and 1.5 cm broad). The corm of subsp. repens is smaller and very similar in shape ( Fig. 1 ) but with its vegetative axis greatly extended through the elaboration of its terminal meristem. Such horizontal stems or ''runners'' in the Alismataceae have been described by Charlton (1973) as ''pseudostolons'' but are more accurately termed inflorescence stolons (Mu¨hl-berg, 2000) . The flowers on these stems are partly or wholly replaced by vegetative meristems (Charlton, 1968; Tomlinson, 1982) .
Roots
The roots of both subspecies are fibrous (o0.5 mm diameter) with radial air-lacunae (Stant, 1963) and are usually very numerous (numbered in the hundreds), with horizontal branching to about 5-10 cm depth. Roothairs have not been observed (Tomlinson, 1982) .
Leaves
The leaves of both subspecies are spirally arranged in a basal rosette ( Fig. 1 ) and usually number between 5 and 35 per rosette. They are, however, exceptionally plastic in their morphology and anatomy, which effectively renders leaf characteristics useless for any taxonomic purpose. The petiole, for instance, can be anything from 0 (in young rosettes) to 50 cm long in submerged aquatic forms; either very narrow or broadly sheathing at the base. Leaf shapes range from the elongated, linear, ribbon-like, almost without a blade (in juvenile or submerged plants), through to petiolate forms with a narrowly lanceolate or nearly oval blade (in floating leaves) and anything from 1 to 9 cm long and 0.2 to 2.3 cm wide. The floating leaves in subsp. repens seem to be more articulated than in subsp. ranunculoides ( Fig. 1: 2g) but this is not a key character. The subject of heterophylly and leaf plasticity in Baldellia (and the Alismataceae in general) has been extensively studied and discussed by Glu¨ck (1905 Glu¨ck ( , 1906 . Such phenotypic plasticity, which is characteristic of many aquatic plants and quite typical of the Alismataceae, probably has an adaptive function within their very dynamic and heterogeneous habitats (Charlton, 1973; Cronk and Fennessy, 2001; Dorken and Barrett, 2004) .
Leaf venation
The blades of floating and emergent leaves have a parallel-reticulate venation with five major veins converging at the leaf apex and a network (anastomosis) of minor transverse veinlets, forming a closed reticulum. Only three of these major veins (including the median vein or false midrib) are, however, at all conspicuous in the fully expanded leaf ( Fig. 1: 1b and 2b ).
Inflorescence
The flowers of Baldellia spp. are of a thyrsus type (Mu¨hlberg, 2000) . Each plant usually produces only 1-2 (max. 5) inflorescences. The two subspecies represent two contrasted types of inflorescence orientation (Tomlinson, 1982; Mu¨hlberg, 2000) :
B. ranunculoides subsp. ranunculoides has an erect orthotropic inflorescence (not proliferating by vegetative meristems) with a long basal internode and 1-3 successive pseudowhorls, usually 2 (max. 4) pseudowhorls in total ( Fig. 1: 1a) . The inflorescence is terminal (Charlton, 1972) . Each pseudowhorl has three bracts subtending solitary flowers with between (0-)6-15(-27) flowers per pseudowhorl -although only 1-2 (max. 3) flowers are open on a single day. The whole inflorescence (and thus the whole plant) reaches max. 60 cm (usually 20-40 cm) . In unfavourable conditions the inflorescence can, however, be extremely small (in dwarf forms: 2-5 cm) ( Fig. 1: 1h) .
B. ranunculoides subsp. repens has a horizontal, stoloniferous plagiotropic inflorescence, with vegetative meristems in the axils of its bracts ( Fig. 1: 2a) . Typically, the inflorescence axis becomes an inflorescence stolon, with pseudowhorls of three scale leaves (bracts) and (0)2-4(-6) flowers at approximately 5-10 cm intervals (Charlton, 1968 (Charlton, , 1973 . Generally, 3-4 flowers will open on one plant in a single day. Subspecies repens has a determinate inflorescence with sympodial growth, and the terminal bud forms the terminal flower. The vegetative meristems at the nodes often develop rooted leafy rosettes (daughter plants), however, which thereby lead to a process of indefinite vegetative proliferation (Charlton, 1968 (Charlton, , 1973 Tomlinson, 1982) . The leaves of such young rosettes are always apetiolate and the nodes (when they produce roots) only form one daughter plant -although each of these can produce more than one subsequent pseudostolon (which gives the appearance of branching runners). Each rosette of subsp. repens produces usually 1-2 (max. 5) runners (on average 1.2 runners, a mean of 106 rosettes, personal observation). Reports on pseudostolons longer than 50 cm are exceptional and would refer to such series of runners with small chains of plantlets along their length.
The existence of inflorescence stolons (runners) in subsp. repens is not unique in the Alismataceae. The trend toward the sterilisation of the inflorescence and transitions between the inflorescence and vegetative offshoots has been observed and described in many other genera in the Alismataceae and Helobiae (Charlton, 1973; Wilder, 1975; Mu¨hlberg, 2000 Mu¨hlberg, , 2004 .
Flowers
The flowers are entomophilous and bisexual with pedicels 1.5-8(À10) cm long. Each flower has 6 perianth elements (two alternate trimerous perianth pseudowhorls) with three relatively short green sepals and three much larger white or pale pink petals. The petals have faint purple veins going into glitzema with a shiny, yellow base (Vuille, 1988) . All Baldellia species have six stamens with numerous free carpels arranged in a globose head (placing Baldellia very close to Luronium, Damasonium and Alisma (Charlton, 2004) ). The differences, however, between flowering characters in the two subspecies are also of critical taxonomic significance (see also Table 2 and Fig. 1 ):
In B. ranunculoides subsp. ranunculoides the petals are white (rarely pink), small (6.5 Â 7 mm 2 ) and usually not overlapping with sepals 2.5-3.6 mm long and flowers (8-)13-15(-18) mm diameter with anthers 0.8-1.0 mm long ( Fig. 1: 1c) .
In B. ranunculoides subsp. repens the petals are generally pink (rarely completely white), large (8.5 Â 10 mm 2 ) and usually overlapping with sepals 3-4.5 mm long and flowers 15-22 mm diameter, with anthers 1.1-1.5 mm long ( Fig. 1: 2c) .
Fruits
Baldellia spp. have globose aggregate fruit-heads, composed of numerous dry nutlets (achenes). The free achenes are arranged in successive cycles on the globular receptacle, ovoid, curved and strongly three-ribbed on the back with a double rib along their ventral sutures (Cook, 1990) . They each have only one seed enclosed in the pericarp with a strongly curved (horseshoe-shaped) embryo (Tomlinson, 1982) . The following fruit and achene characteristics are also important in differentiating the two subspecies (see also Table 2 and Fig. 1): B. ranunculoides subsp. ranunculoides: The fruit-head is (4-)6-8 mm diameter and contains 25-45 nutlets (average 33). The nutlets are about 2.5 mm long, mostly smooth (without papillae) and with a distinct beak ( Fig.  1: 1d) .
B. ranunculoides subsp. repens: The fruit-head is 4-5 mm diameter with 15-20 nutlets (average 18). The nutlets are less than 2 mm long, mostly papillous (Figs. 1 and 2) with an indistinct, generally curved beak ( Fig. 1:  2d) .
Since the submerged juvenile leaves in different genera of the Alismataceae are ribbon-like and very similar, there is room for considerable misidentification. In the case of all Baldellia taxa, however, the fresh leaves and stems have a strong and distinctive smell of coriander (Romero et al., 2003; Grillas et al., 2004 ).
Baldellia ranunculoides s.l. can be distinguished from B. alpestris on morphological characters (Lawalre´e, 1959; Casper and Krausch, 1980; Triest and Vuille, 1991; Franco and Afonso, 1994) although this may be a critical determination, especially in juvenile and submerged plants. Mature, well-developed B. alpestris is readily distinguished from B. ranunculoides s.l. through its smaller and more elliptical leaves with a blunt apex and its smaller petals and fewer nutlets.
By contrast, the separation between B. ranunculoides subsp. ranunculoides and subsp. repens is not always so easy (Triest and Vuille, 1991; Jones, 2006) . The most important characteristics for field identification are (1) the general habit and methods of vegetative reproduction (subsp. ranunculoides is an erect plant without runners; subsp. repens is a creeping plant with runners, inflorescence rooting at the nodes); (2) the number of flowers per pseudowhorl (subsp. ranunculoides: mostly 10-20, subsp. repens: mostly only 2-3); and (3) the surface of nutlets (subsp. ranunculoides: smooth, subsp. repens: papillous) (see Figs. 1 and 2). Table 2 summarises the most important morphological and ecological characteristics separating the two taxa but we should also note the existence of certain morphological gradients across European populations. For example, in Sardinia (Bocchieri and Iiriti, 2003) and in the South of France near Bezier (personal observations), there are populations of Baldellia growing in lakes over basaltic rocks with many of the characteristics of subsp. ranunculoides but exhibiting a phenotype similar to subsp. repens (with similar flowers and particularly elliptic leaf blades). Further studies on the morphologi- 
Anatomy
The genus Baldellia -and other members of the notionally primitive Alismataceae -has long attracted the attention of anatomists. The most detailed accounts can be found in Stant (1963) , Tomlinson (1982) , Dahlgren et al. (1985) , Wilson and Morrison (2000) as well as in the works of Glu¨ck (1905 Glu¨ck ( , 1906 , Meyer (1932) , Eckardt (1957) and Serbanescu-Jitariu (1973) . There is also very useful information on anatomy, organogenesis and floral organisation in a series of publications on the Alismataceae published by W.A. Charlton at the University of Manchester, UK (for Baldellia the most important papers are Charlton, 1968 Charlton, , 1972 Charlton, , 1973 Charlton, , 2004 . The most prominent feature of the Alismataceae, and thus of Baldellia, is the occurrence of schizogenous intercellular spaces (air-spaces, lacunae and diaphragms, see Fig. 3 ) in all parts of the plant, which are characteristic adaptations of this aquatic genus (Stant, 1963) . The mechanical tissue is reduced (as it is in all water plants) and lignification is very much diminished. The vascular tissue is also reduced, although both types of vascular cells (xylem and phloem) are clearly distinguishable in the petioles of Baldellia spp.
The other notable anatomical characteristic is the presence of lactifers in aerial parts of the plant (Fig. 3) , which exude a sticky white latex-type substance when fresh (Stant, 1963) . These lactifers are associated with vascular bundles in the laminae of leaves, near the abaxial surface of petioles and in the leaf axis on the inner side of the hypodermis, near the outer strands of the cortical parenchyma (Stant, 1963) . Meyer (1932) observed that subsp. repens has more lactifers than subsp. ranunculoides and that these are not so strongly associated with the vascular bundle.
The epidermis of Baldellia spp. has rectangular (polygonal) cells, elongated in the direction of their leaf (Fig. 4) and this characteristic clearly differentiates them from Echinodorus spp. (which have distinctly sinuous or dentate epidermal cell walls). The stomata in Baldellia are mostly paracytic (with 2 subsidiary cells lying parallel to the guard cells) although they can occasionally be almost tetracytic (with four subsidiary cells) (Fig. 4) . Stant (1963) reports that up to six subsidiary cells have been observed in subsp. ranunculoides, which could represent the most primitive arrangement observed within the monocotyledons. The stomata are more frequent on the adaxial surface (Meyer, 1932) and, on small and elongated leaves, are arranged parallel to the longitudinal axis. Calcium oxalate crystals have also been observed in the tissue of Baldellia.
Another characteristic of the Alismataceae and some other aquatic families is the presence of squamules (squamulae intravaginales) which are found in the axils of foliage and scale leaves (Tomlinson, 1982) . This series of palisade-like scales is densely cytoplasmic and is transformed during growth into a mucilaginous coating which protects the young leaves against direct water contact (Glu¨ck, 1906; Tomlinson, 1982) .
The pollen grains of Baldellia spp. are of the Alismatype (Argue, 1974) . They are spheroidal to polyhedral ( subsp. ranunculoides (25-28 mm on average) and with a less prominent border or annulus (Punt and Reumer, 1981) .
Geographical distribution
The published global distribution maps for B. ranunculoides s.l. are generally incomplete and most of them overlook or blur the very notable east Mediterranean occurrences (Cook, 1983; Hulten and Fries, 1986; Meusel et al., 1992) . The map presented by de Bolos and Vigo (2003) is a partial exception but it is very schematic. Fig. 7 provides a new and more detailed map of B. ranunculoides s.l., combining for the first time all known occurrences in Europe, North Africa and the Middle East. The complete list of global and regional maps available in the literature and the internet along with a range of other sources used for new distribution maps is shown in ''Supplementary material''.
The global distribution of B. ranunculoides s.l. fits the general pattern of an Atlantic/west Mediterranean species such as the very well-studied Ilex aquifolium (Walter and Straka, 1970) whereas subsp. repens seems to be more restricted to purely Atlantic/Oceanic conditions ( Fig. 8 and detailed description below). The distribution of the Atlantic phytogeographical group is strongly influenced by climatic, edaphic and topographic conditions (Czeczott, 1926) . According to Gorczynski (1922) the Atlantic climate area covers those regions of western and central Europe where the average annual temperature range is between 10 and 25 1C. For B. ranunculoides s.l. as well as for some other Atlantic species the mean annual isoamplitude (line connecting points with the same mean annual range of temperature) does not exceed 20 1C (Czeczott, 1926) . The northern and eastern distribution appears to follow the January À2 1C isotherm -I. aquifolium, for instance, follows the 0 1C January isotherm (Ja¨ger, 1968; Mai and Walther, 1988) -but more detailed studies are necessary here. Several occurrences in Sweden, Denmark, Poland and Germany appear to fall below this lower temperature threshold. Krausch (1985) speculated that edaphic factors could have a more significant influence in such border regions and this might also be the case in more eastern regions of the Mediterranean. Pietsch (1985) , for example, notes that several water plants with an Atlantic distribution occur outside their more natural boundaries in anthropogenic habitats (e.g. in eastern Europe where coal mining has excavated, flooded ground, etc.). He concluded that, in eastern Europe, the À1 1C January isotherm and the limits of relatively high rainfall represent the most important factors in the distribution boundary of Atlantic species. The southern distribution border in North Africa could be limited by the July isotherm of 26 1C. In the eastern Mediterranean Baldellia could, similarly, be limited by low levels of precipitation and summer drought. The exact climatic and edaphic preferences of both subspecies of B. ranunculoides s.l. need further study.
B. ranunculoides subsp. ranunculoides is an Atlantic/ west Mediterranean taxon (Ja¨ger, 1968; Markgraf, 1981) growing mainly in coastal regions of western Europe and the Mediterranean (Hulten and Fries, 1986; Meusel et al., 1992; de Bolos and Vigo, 2003) . The range of subsp. ranunculoides is given by the formula: m-temp c1-4 EUR (Welk, 2001 ) with its centre of distribution in the Atlantic region. The species (in the wider sense) has been reliably reported from Albania, Algeria, the Azores, the Balearic Islands (Mallorca and Minorca), Belgium, the Canary Islands, Corsica, Croatia, Denmark, France, Germany, Greece, Ireland, Italy, Lebanon, Montenegro, Morocco, the Netherlands, Norway, Poland, Portugal, Sardinia, Sicily, Slovenia, Spain, Sweden, Switzerland, Syria, Tunisia, Turkey and the United Kingdom and more doubtfully from Baltic countries. The highest concentrations of subsp. ranunculoides appear to be found in Ireland (Preston and Croft, 2001 ) and in the Atlantic regions of France (Dupont, 1990) . B. ranunculoides subsp. ranunculoides has been also introduced into North America (e.g. in Washington, USA: www.natureserve.org, www.itis.usda.gov) and New Zealand (Champion and Clayton, 2000) where it is treated as a potentially weedy species of aquatic habitats. In Germany this taxon only occurs in a very scattered distribution over the northern lowlands (not below 511 latitude), although it used to be more widespread around North Rhine-Westphalia (Markgraf, 1981; Haeupler and Scho¨nfelder, 1988 ). It was also described from numerous sites in Lower-Saxony and Schleswig-Holstein, where it is now strongly in decline (Haeupler and Scho¨nfelder, 1988) and in Brandenburg (with Berlin), Saxony-Anhalt and Mecklemburg-Vorpommern, where the taxon was always very rare. These sites represent the eastern border of its global range and are now also at the edge of extinction (Benkert et al., 1998) . In Poland there were only three well-described sites, around Szczecin and Wolin Island, where it is now probably extinct (Piotrowska, 1966a, b; Zajac and Zajac, 2001 ); the records from Warsaw and central Poland are very doubtful (Czeczott, 1926) . In Switzerland subsp. ranunculoides was mainly found near the lakes of Geneva, Neuchaˆtel, Murten and Biel but there are now only four remaining populations, in the Lake of Neuchaˆtel (Ka¨sermann and Moser, 1999) .
In general, the Atlantic, west-and central European distribution of B. ranunculoides is quite well documented and the distribution map in Fig. 7 represents a very accurate picture of its distribution. In other parts of its range, however, the distribution is either not very well known or the records are very old and in need of revision. This is the case, for example, in the Baltic countries (Latvia, Lithuania and Estonia), where there are only very old references to Baldellia (Jundzill, 1791) . Since there are neither herbarium specimens nor any reports in the more recent literature, this taxon is no longer included in the latest Floras and Red Lists for the Baltic countries. The distribution data for North Africa are also approximate, since the existing literature often gives only general information on regional distribution and/or selected study sites Trabut, 1895, 1905; Bonnet and Barratte, 1896; Jahandiez and Maire, 1931; Braun-Blanquet, 1953; Cue´nod et al., 1954; Pottier-Alapetite, 1958; Quezel and Santa, 1962) . The best descriptions of subsp. ranunculoides and its habitats in North Africa come from the studies of Braun-Blanquet (1953) in Kroumirie and from PottierAlapetite (1958) in Sedjenane region, both in Tunisia. These regions both have a relatively high rainfall (c. 1700 mm per year) with average air humidity oscillating between 85% in January and 60% in August and with a mean August temperature (the warmest month) below 25 1C. Braun-Blanquet (1953) suggested that this isolated occurrence could be a result of ancient land connections with Sicily (the Berbe´rie-Sicily or ItaloAfrican bridge) although Pottier-Alapetite (1958) proposed that dispersal from the Iberian peninsula to Morocco and further east via a ''pont betico-rifain'' should also be taken into consideration. The extremely isolated and easternmost populations of subsp. ranunculoides from Lebanon (Beirut, probably naturalised) and Syria (Outaya), described by and those mentioned by Cook (1983) from Libya need further study. In the most western parts of its range, the very isolated population of subsp. ranunculoides from Lagoa de Achada in Terceira (Azores) is also probably naturalised (Scha¨fer, 2002 (Scha¨fer, , 2003 (Scha¨fer, , 2005 . The status of subsp. ranunculoides in the Canary Islands is not clear. There are herbarium specimens from the archipelago (in the Herbarium of the Botanical Garden of Geneva, Switzerland) but without an exact locality. The recent Flora of the Canary Islands (Hohenester and Welss, 1993) does include Baldellia but also casts doubt over its current status there.
In view of the range extensions of subsp. ranunculoides into the east Mediterranean region (Fig. 7 ) Dupont, in his exhaustive work on the Atlantic flora of Europe (Dupont, 1962) , proposed that this species has a Mediterranean-Atlantic rather than an AtlanticMediterranean distribution (see also Bournerias and Wattez, 1990) . He therefore placed it in the category of ''partially Atlantic species''. An examination of the new distribution map (Fig. 7) , however, along with the available literature, clearly demonstrates that subsp. ranunculoides is much rarer in the Mediterranean than in Atlantic western Europe. The taxon is relatively widespread in the west Mediterranean region but, by contrast, only exists in a few, very isolated and generally small populations in the eastern Mediterranean (sensu Rikli, 1943 ) -and perhaps only at higher altitudes or in regions with more Oceanic/Atlantic conditions: in Croatia, Montenegro, Albania, Greece, Turkey, Syria, Lebanon and Libya Cook, 1983; Davis, 1984; Vangjeli et al., 1995; Vangjeli, 2000; Bazos and Yannitsaros, 2001; Hadziablahovicˇ, 2005) . This probably reflects a fundamental habitat scarcity for Baldellia and the unfavourable climatic conditions of the eastern Mediterranean (for more explanation see also ''Altitudinal range'').
The exact distribution of B. ranunculoides subsp. repens is unknown and its range formula remains undefined. The taxon is, however, mentioned in many national and local Floras for western Europe and the west Mediterranean. Fig. 8 provides a preliminary schematic distribution of subsp. repens, taken from all the available sources (see ''Supplementary material''). The map indicates that this taxon is almost sympatric with subsp. ranunculoides in northwest Europe, although it occupies different habitats (see ''Habitats characteristics''). It has, for instance, been reliably described from almost all the countries of western and northern Europe: i.e. from the UK and Ireland (Preston and Croft, 2001) ; from Portugal, Spain, France, Belgium, Holland and Germany (Casper and Krausch, 1980) ; and from Denmark, Sweden and Norway (in Norway all known occurrences of Baldellia are this taxon) (Lindblad and St( ahl, 1990) . B. ranunculoides subsp. repens appears to be very rare in central Europe and its main centre of distribution (where it may be more frequent than subsp. ranunculoides, with numerous local occurrences) seems to be in west and central France (e.g. Sologne, Foreˆt d'Orle´ans), Belgium and the Netherlands (e.g. Limburg). The only reliable accounts of subsp. repens from Germany are from Ru¨gen (Schmale Heide; Ascherson and Graebner, 1913) , from Schleswig-Holstein (Casper and Krausch, 1980) and from the northern part of Saxony-Anhalt (Schmeil and Fitschen, 1993) but there are several records from close to the German borders with the Benelux countries and Scandinavia so new discoveries are still possible. B. ranunculoides subsp. repens is not present in Switzerland although there is one very old and doubtful indication in the literature (unsupported, however, by any herbarium specimen), from Port Conty, Saint-Aubin (Lac de Neuchaˆtel) (Graber, 1924) .
To the south of this range subsp. repens is also reported from several regions in the western Mediterranean: in France (including the Massif Centrale), Italy (Lawalre´e, 1959) , Istria (Croatia) (Casper and Krausch, 1980) as well as in western North Africa: Morocco, Algeria Casper and Krausch, 1980) and Tunisia (three populations discovered in 2007 next to Ain Draham, Tabarka and Jehel Chitane, personal observation). The material used for the first scientific description of subsp. repens was actually collected from northeast Algeria. There are also further records of this taxon from the Balearic Islands, Mallorca and Minorca (Barcelo, 1977) but not from Corsica and Sardinia (Jeanmonod and Burdet, 1989 ). It is not described -and it is almost certainly absent from the southeastern Mediterranean, e.g. in Albania, Greece, Turkey, Lebanon and Syria (Davis, 1984; Vangjeli et al., 1995) , where there have only so far been records of subsp. ranunculoides. Thus, it seems that subsp. repens is restricted to the more Atlantic regions of northwest Europe and to some fairly isolated sites in the western and north Mediterranean.
Altitudinal range
B. ranunculoides subsp. ranunculoides is a lowland taxon in central and northern Europe, ascending (rarely) to 320 m a.s.l. in Great Britain (west of Libanus, Preston and Croft, 2001 ) and 432 m a.s.l. in Switzerland (Ka¨sermann and Moser, 1999) . In the southern Alps (Laragnais, France), however, it has been observed at an altitude of 630 m a.s.l. (Chas, 1994) and in the Mediterranean region at still higher altitudes. In Cantabria (Spain) for instance, subsp. ranunculoides, can grow up to 1060 m a.s.l. (Aedo et al., 2001 ) and in Tunisia (Kroumirie) at 780 m a.s.l. (Braun-Blanquet, 1953) . In the Atlas Mountains (Morocco) this taxon has also been observed at up to 1600 m a.s.l., and in Turkey it was described from Beysehir Lake at 1115 m a.s.l. (Davis, 1984) . One of the highest sites has been found recently in Greece at Drakolimni Lake at about 2000 m a.s.l. (Thomas Raus, pers. comm.) . This phenomenon of many Atlantic species growing at higher altitudes towards the southern limits of their range was first described by Czeczott (1926) . The mountainous regions of the Mediterranean probably offer Baldellia taxa more suitable conditions (e.g. higher precipitation and humidity, shorter drought period, etc.) and represent a kind of refugium in regions with very dry and hot summers. The altitudinal range of subsp. repens is not so well documented but this subspecies appears to prefer lowland sites, since the majority of confirmed records are from the coastal Atlantic region (Lawalre´e, 1959; Casper and Krausch, 1980) . It is possible, however, that it could also ascend to higher altitudes in the Mediterranean or in the Massif Central, for instance, where there are also credible records (Lawalre´e, 1959) .
Fossil records of Baldellia spp. and their possible migration-routes
Fossil remnants of the Alismataceae have mainly been found in the Miocene and Pliocene deposits of Europe and Siberia and these remains are reviewed by Daghlian (1981) and Erwin and Stockey (1989) . These data suggest that the family had its origin in the Old World and only later spread to the New World. The majority of extant species and genera are still found in the Old World and Echinodorus is the only genus of the Alismataceae exclusive to the New World. Sagittaria 13 and, to lesser extent Alisma, are well represented in both domains (Cook, 1990) and in the genus Damasonium we can observe a remarkable disjunction between existing species, with one representative in North America (D. californicum) and the other, D. alisma, in Europe (Vuille, 1987) . This distribution could be an example of long-distance dispersal and subsequent evolution but there is also some evidence that other Old World genera spread to the New World and then later become extinct. The genus Caldesia, for example, which today grows only in Europe, South Asia and Australia, has been found (as C. brandoniana) in Miocene deposits c. 20 m.yr old from Vermont (USA) (Smiley and Rember, 1985) . This corresponds with the existence of NorthAtlantic and Bering bridges, which could serve as migration routes.
Various palaeobotanists (e.g. Haggard and Tiffney, 1997) have separated out the fossil seeds of Baldellia spp. from those of other Alismataceae and Weber (1893) was the first to provide a description of fossil B. ranunculoides s.l., from Klinge, close to Cottbus (east Germany), dated from the Riss-Wu¨rm interglacial period. More recently, Mai and Walther (1988) reported fossil seeds of B. ranunculoides s.l. in Pliocene deposits (2.5-3.4 m.yr before present) from nearby Thu¨ringen, accompanied by several other European aquatics: e.g. Carex riparia, Cyperus fuscus, Lemna trisulca, Myriophyllum spicatum, Schoenoplectus lacustris, Hippuris vulgaris and Lycopus europaeus, indicating an earlier mesotrophic/eutrophic habitat. Today, in eastern Germany, B. ranunculoides s.l. is an extreme rarity. Mai and Walther (1988) also reported the discovery of another enigmatic fossil Baldellia species, B. gailensis (described by Reid in 1923 from Pliocene deposits of Pont-de-Gail, France), although they speculate that these seeds could equally belong to Echinodorus tenellus (which is now only found in South and North America). Cook (1983) classified B. ranunculoides s.l. as a member of the very small group of palaeoendemic aquatic plants of Europe and Mediterranean and Rich and Nicholls-Vuille (2001) suggest that the Iberian peninsula represents a possible centre of origins and diversification for the genus (as for some other closely related genera in the Alismataceae, e.g. Damasonium sp.). This is also supported by earlier palaeogeographic research (Braun-Blanquet, 1923) , which identifies Iberia as the likely refuge for the Atlantic element, prior to its expansion into southern Europe and the Mediterranean during the early and mid-Quaternary period. The subsequent extension of these species' range into Scandinavia and the east Baltic region most probably took place during the Littorina Sea period (7500-7000 yr.b.p.) (Czeczott, 1926) , after the final glaciation -and especially during more favourable climatic conditions in the Atlantic period (Czeczott, 1926; Szafer, 1959) . Czeczott (1926) and Braun-Blanquet (1923) also concluded that Atlantic species (e.g. B. ranunculoides s.l.) have passed through several phases of range-expansion and diminution during the last millennia and that in some periods they were much more widely distributed in Europe than it is currently the case. Some of the more highly isolated populations in the Mediterranean region could thus represent fragments of more ancient, wetter and colder climatic conditions and could potentially, be relict populations from former, more Atlantic periods. On the other hand, it is also recognised that aquatic plants have a considerable capacity for long-distance dispersal (Les et al., 2003) and some isolated populations could equally be the result of more recent movement via birds.
Habitats characteristics Habitat
All species of Baldellia are thought to be very weak competitors and can only grow in habitats within a discrete range of natural and/or anthropogenic disturbance linked to water and nutrient levels, stock trampling, fish pond exploitation, etc. (Cook, 1983; Preston and Croft, 2001 ). They tend, therefore, to disappear from these pioneer habitats when more robust species take over (Casper and Krausch, 1980; Markgraf, 1981) . Jones (2006) suggests that subsp. repens mainly grows in long-standing gaps in weakly acidic or oligotrophic water-bodies whereas subsp. ranunculoides, by contrast, prefers mesotrophic habitats and temporary gaps within calcareous or mildly brackish pools (see Table 2 ). Significantly, perhaps, populations of an intermediate -and probably hybrid -form are reported from sites where these two habitats intersect i.e. coastal heathland pools with disturbed peaty habitats, overlying calcareous clays (Jones, 2006) .
B. ranunculoides subsp. ranunculoides typically occurs along the edge of shallow meso-oligotrophic lakes, ponds, reservoirs and pools, on the shorelines of slow streams, in marshes, fens, brackish dune pools and temporary slacks (Casper and Krausch, 1980; Bournerias and Wattez, 1990; Noest, 1991; Preston and Croft, 2001; Jones, 2006) . It can also be found in more anthropogenic or disturbed habitats such as ditches, canals, flooded quarries, man-made dune wetlands, abandoned peat-drains and cuttings, fish ponds, and temporary flooded fields (Casper and Krausch, 1980; Charpin and Salanon, 1985; Krausch, 1985; Palmer and Roy, 2001; Preston and Croft, 2001; Denys, 2003; Cooper et al., 2005) . More occasionally, subsp. ranunculoides is present in relatively eutrophic conditions, caused by animals (guanotrophy) (Schoof-van Pelt, 1973) and in Portugal it has been described as a weed-species of rice fields . There are also records from wet depressions in coastal grasslands grazed by horses and cattle (Loucougaray et al., 2004) or by sheep and in northwest Spain the taxon grows in ''annual wetlands'' or small, temporary shallow lakes at 750-1100 m altitude, with strong seasonal water-depth variation (Fernandez-Alaez C., 1999). Raabe and van de Weyer (1998) reported subsp. ranunculoides from North RhineWestphalia (Germany) in restored or newly created ''species conservation water bodies'' (''Artenschutzgewa¨sser''), with artificially scraped and flooded surfaces.
The subspecies is also usually found in at least slightly basic (or hard-water) habitats but it can also occur (although rarely) in softwater and acidic sites. The basic habitats receive enrichment from different sources: e.g. from calcareous or ultrabasic rocks, from dune sand, or from chalk or limestone (Preston and Croft, 2001; Murphy, 2002) . In Sardinia (Bocchieri and Iiriti, 2003) and in the south of France near Bezier (personal observation) it grows in lakes over basaltic rocks. B. ranunculoides subsp. ranunculoides can grow in brackish waters with salinity values ranging from 150 to 1850 mS/ cm (by comparison: Cladium mariscus occurs in sites with up to 15,500 mS/cm and Iris pseudacorus up to 10,400 mS/cm) (Fullana Montoro, 2001) . The subspecies tolerates a wide range of mainly inorganic substrates (e.g. sand, clay, calcareous marl) but can also grow on organic peats, mud, etc. (Casper and Krausch, 1980; Cook, 1983; Preston and Croft, 2001 ). B. ranunculoides subsp. ranunculoides, like some other aquatic plants (e.g. Littorella uniflora, Lobelia dortmana and Luronium natans) prefers substrates with nitrates (NO 3 À ) rather than with ammonium ions (NH 4 + ) (Walstad, 1999; Smolders et al., 2002) . The genus as a whole could therefore have an advantage over species that use ammonium as a nitrogen source (that is in sediments with high redox potential) (Smolders et al., 2002) .
The taxon has been observed in Kalodiki Fen complex, Greece, in alkaline water with a low hardness value but high phosphorus, nitrogen and iron content. It is restricted there, however, to the drier and more nitrogen-poor areas of the fen, with a lower pH level . In Corsica and in some other Mediterranean regions subsp. ranunculoides grows in oligotrophic pools, which are flooded in winter and spring and very thoroughly dried-out in summer. The substrates here are thin, rock soils (of granite, schist or rhyolite) or fine sediments with a very low organic matter content (i.e. sand, silt and clay). Most of these sites are on siliceous rock (with the exception of a pool at Padulu, near Bonifacio, which lies on calcareous substrates; Gamisans, 1991 Gamisans, , 1999 Grillas et al., 2004) . In Tuscany (Italy) Maremmani et al. (2003) observed subsp. ranunculoides in more basic dune slacks (pH 8.7), with substrates consisting of sand (93%), silt (1.4%) and clay (5.6%). In Tunisia B. ranunculoides was reported from small fens and peatland with an exceptionally low pH, between 5.3 and 5.8 (Braun-Blanquet, 1953) but the possibility that this could have been subsp. repens might explain this otherwise very atypical habitat.
B. ranunculoides subsp. repens: Dupont (1990 Dupont ( , 2001 ) has observed that subsp. repens can be common (or even locally dominant) in some regions or Departements of France where subsp. ranunculoides is rare or absent, e.g. Loire-Atlantique and the Vende´e and this seems also be true in Burgundy (Bugnon et al., 1993) and Sologne (personal observation). This spatial exclusion could be explained by differential habitat and substrate preferences (Table 2) . Vuille (1988) , referring to Roelofs' study of softwater macrophyte habitats in the Netherlands (Roelofs, 1983; Roelofs et al., 1984) , concluded that there are some ecological factors which seem to separate the two taxa; for instance, subsp. ranunculoides grows mostly on calcareous sediments with lime-(CaCO 3 )-type water, whilst subsp. repens is mostly found on noncalcareous sediments with gypsum-(CaSO 4 )-type water. Roelof's studies were mainly focused, however, on Littorella uniflora and there was only one instance of subsp. repens in the analyses. B. ranunculoides subsp. ranunculoides was present in nine study sites but never with cover exceeding 5%. So Vuille's inference and conclusions should, perhaps, be taken with some caution. There is, however, other evidence that subsp. repens is primarily restricted to soft-water habitats (poor in calcium), with low nutrients and availability of carbon dioxide (CO 2 ) (Arts and den Hartog, 1990) . In Atlantic and Subatlantic regions and in central and western Europe these habitats occur over acid sands (e.g. Holocene or Pleistocene loess and fluvioglacial deposits) and in bogs (Schoof-van Pelt, 1973; Brouwer et al., 1999; Brouwer and Roelofs, 2001; Roelofs, 2002) . Where these water bodies have been eutrophicated or subject to alkaline/sulphate-rich water for a prolonged period the populations of subsp. repens have almost completely disappeared. Casper and Krausch (1980) and Brouwer and Roelofs (2001) also note that subsp. repens prefers shallower waters to subsp. ranunculoides (the latter taxon can grow down to 1.2 m) and also grows on less steeply sloping shores. These habitat conditions both favour a vegetatively spreading plant, able to exploit newly emergent bare ground. Schoof-van Pelt (1973) observed subsp. repens on compact soils consisting of sand covered with a thin layer of mud or organic matter (from flood marks) and on loamy sand.
Communities
B. ranunculoides subsp. ranunculoides: In central Europe subsp. ranunculoides is a characteristic species of the class Littorelletea uniflorae Br.-Bl. et Tx. 1943 , and it can be found in all the principle alliances (Casper and Krausch, 1980; Markgraf, 1981; Pott, 1995; Schubert et al., 1995) . The main one of these is the Hydrocotylo-Baldellion Tx. et Dierssen 1972 (an alliance with strong Atlantic affinities, on mostly organic soils in more coastal regions of northwest Europe and also eastern Germany). B. ranunculoides subsp. ranunculoides is also described as a characteristic species of the Samolo-Baldellion Schamine´e et Westh. 1990 (Krausch, 1985; Pott, 1995; Schubert et al., 1995; Petersen, 2000) .
The most extensive populations of subsp. ranunculoides have, however, been observed in two further Littorelletean alliances: the Eleocharition multicaulis Vanden Berghen 1969 and the Eleocharition acicularis Pietsch 1967 (Tu¨xen, 1937 Schoof-van Pelt, 1973; Rodwell et al., 1991; Passarge, 1999; Sandsten, 2003) . It grows in these alliances almost exclusively with Eleocharis spp. on very gently sloping lake and pond shores. The most comprehensive account of Littorelletean communities in western Europe -and communities with Baldellia spp. -can be found in Schoof-van Pelt (1973) .
The commonest Littorelletean species accompanying subsp. ranunculoides in central, north and northwest Europe are: Samolus valerandi, Littorella uniflora, Eleocharis multicaulis, E. acicularis, Ranunculus ololeucos, Apium inundatum, Hydrocotyle vulgaris, Hypericum elodes, Juncus bulbosus, Anagallis tenella and Ranunculus flammula (Schoof-van Pelt, 1973; Casper and Krausch, 1980; Markgraf, 1981; Lindblad and St( ahl, 1989; Pott, 1995) . Several further species appear with subsp. ranunculoides in the Littorelletean communities of Spain and Portugal, e.g. Anagallis crassifolia, Isoetes azorica, Isolepis fluitans, Juncus heterophyllus, Myosotis lusitanica, Rhynchospora rugosa, Elatine hexandra (Velayos et al., 1989; Rivas-Martinez et al., 2002) .
Besides these Littorelletean communities, subsp. ranunculoides is often given as a typical element of socalled isoetid vegetation. Murphy (2002) described two main types of these communities with subsp. ranunculoides as a constant: (1) dwarf annual amphibious swards of temporally disturbed shorelines in lakes and reservoirs or exposed sediments and mud-flats in smaller temporary water bodies, (2) perennial isoetid lawns found in amphibious to deep-water sites. Furthermore, subsp. ranunculoides has been found and described in a broad spectrum of aquatic and semi-aquatic communities from the Phragmitetean and Isoeto-Nanojuncetean classes, occasionally even as a co-dominant (Casper and Krausch, 1980; Wheeler, 1980; Pott, 1995; Schubert et al., 1995) . Petersen (2000) , studying island dune habitats along the southern part of the North Sea, described an ''association with Echinodorus ranunculoides'', with numerous species of the Potametean and Charetean classes. He also reported subsp. ranunculoides from several Isoe¨to-Nanojuncean communities: e.g. the Wichmann et al., 2000; Burkart et al., 2003) . The subspecies grows there in flat inundated areas with less than 50% vegetation cover accompanied by Eleocharis acicularis, Centaurium pulchellum and Agrostis stolonifera. Wheeler (1980) described subsp. ranunculoides as an element of the wettest parts of species-rich fens in the Peucedano-Phragmitetum Wheeler 1978 (Phragmitetea, Magnocaricion), in England and Wales, where it grows with Phragmites australis, Peucedanum palustre, Cladium mariscus and, especially, Hottonia palustris, Potamogeton coloratus and Utricularia spp. In Illtyd Pools (Wales, UK) subsp. ranunculoides grows in a partially exploited ombrotrophic bog complex, next to basiphilous fen vegetation, in marginal seepages and water channels accompanied by Apium inundatum, Littorella uniflora and Ranunculus omiophyllus (Meade and Wheeler, 1990) .
There are further records of subsp. ranunculoides from coastal lagoon sites in Spain and Portugal, representing still more phytosociological classes, i.e.: (1) the Utricularietum exoleto-australis (Potametea); (2) the Hyperico elodis-Rhynchosporetum rugosae (Littorelletea); (3) the Anagallido-Juncetum bulbosi (Scheuchzerio-Caricetea); (4) the Typho angustifoliae-Phragmitetum australis (Phragmitetea); and (5) the Glycerio declinatae-Eleocharitetum palustris (Phragmitetea) (Costa et al., 1999) . Phytosociological data analysed as Anagallido-Juncetum bulbosi with subsp. ranunculoides have also been reported from high altitude in the Grazalema Mountains of southeast Spain (at 780 m a.s.l.) (Aranega Jimenez, 2005) . B. ranunculoides subsp. ranunculoides has been further described as a common taxon in the Preslio-Eryngietum corniculati Rivas Goday (1957) 1970 (Alliance Preslion cervinae, class Isoe¨to-Nanojuncetea) in Paul Arzila Nature Reserve, Portugal (Blanca et al., 2000) and from lakes in Ciudad Real, Spain (Velayos et al., 1989) . Rivas-Martinez et al. (1980) reported subsp. ranunculoides as a common species in the Junco emmanuelis-Eleocharitetum multicaulis from Don˜ana National Park.
In the most southern and eastern regions of its Mediterranean range the phytosociology of subsp. ranunculoides is not very well documented -or understood. In Corsica and Spain (and perhaps in North Africa) there are records of this subspecies in Atlantic/ west Mediterranen Quillwort swards: i.e. communities dominated by Isoe¨tes velatum. This vegetation is typical of shallow lake and pool shores, poor in organic matter and with variable (between 10 and 30 cm) water levels, which generally tend to dry out during the summer (Velayos et al., 1989; Jeanmonod and Burdet, 1991; Grillas et al., 2004) . In Sardinia, subsp. ranunculoides has been observed in small water-bodies inundated to 60-80 cm in spring, with Ranunculus baudotii, R. ophioglossifolius, Callitriche stagnalis and Potentilla reptans as its main associates (Bocchieri and Iiriti, 2003 (Schoof-van Pelt, 1973; Weeda et al., 1991; Brouwer et al., 1999; Brouwer and Roelofs, 2001 ; and personal observations) and these observations suggest that subsp. repens should probably be treated as one of the characteristic species of the Eleocharitetum acicularis (Koch, 1926) The strong affinity between subsp. repens and Eleocharis acicularis has been noted in even some of the older literature. Chouard (1924) , for example, reported subsp. repens as a dominant element of pond shore communities with E. acicularis in Brigueil l'Aıˆneá nd a similar situation is described from pond sites elsewhere in France, such as the Foreˆt d'Orle´ans (Gaume, 1924) . Oberdorfer (1977) and Passarge (1999) noted that variability and distribution in the Eleocharitetum acicularis and its characteristic species was still very little understood, although they recognised a very broad European distribution. They proposed that, besides the Continental type, a second, more Atlantic variant with Baldellia spp. still needed to be described. The most detailed description of this affinity between subsp. repens and the Eleocharitetum acicularis comes from Schoof-van Pelt (1973) . She described a new subassociation dominated by subsp. repens and Eleocharis acicularis from a number of sites in Holland and France, growing on sandy soils covered with a thin layer of mud or organic matter (very often as flood de´bris). In addition to Eleocharis acicularis, the most common associates of subsp. repens were Littorella uniflora, Elatine hexandra, Hypericum elodes, Luronium natans, Damasonium alisma, Eleocharis multicaulis, Ranunculus flammula, Hydrocotyle vulgaris and Juncus bulbosus (Chouard, 1924; Gaume, 1924; Schoof-van Pelt, 1973; Weeda et al., 1991; Brouwer et al., 1999; Brouwer and Roelofs, 2001 ; and personal observations).
Response to abiotic factors
Baldellia spp. are morphologically very plastic and respond to changes in environmental conditions (and especially to nutritional and hydrological change) by adjustments to their growth and physiology (Glu¨ck, 1905; Meyer, 1932; Tomlinson, 1982) .
All Baldellia taxa are described as light-demanding (Landolt, 1977; Ellenberg et al., 1992) but they can also occur in more shaded conditions, for example, in narrow canals surrounded by higher vegetation (e.g. a street channel near Yverdon in Switzerland; a drainage system in dune pools in Marquenterre, France; personal observations). Growth is, however, very much reduced under shade and plants only form small populations, with correspondingly low shoot density. The average leaf size is reduced in very shaded situations and plants do not generally produce either flowers or fruits (Glu¨ck, 1906) (Table 2 ).
All Baldellia taxa also prefer oligo-to mesotrophic conditions, although B. ranunculoides subsp. ranunculoides can be found on both completely bare, sandy shorelines (Wichmann et al., 2000; Burkart et al., 2003) and also in disturbed habitats where there is some local enrichment (Palmer and Roy, 2001 ). B. ranunculoides subsp. repens can also occur in more mesotrophic habitats (Brouwer et al., 1999; Brouwer and Roelofs, 2001) . In both subspecies the forms growing in nutrientpoor habitats are much smaller and dwarf forms can often be observed (Glu¨ck, 1906) .
Temperature plays an important part in the development -and thus in the distribution -of Baldellia spp. As Atlantic-Mediterranean taxa they are practically restricted to regions with a January mean temperature above À2 1C (Ja¨ger, 1968) or above À1 1C (Krausch, 1985) and appear to be intolerant of strongly fluctuating temperatures (Glu¨ck, 1905) . In subsp. ranunculoides, the emergent leaves usually disappear during the winter and in central and northern Europe plants only persist as corms with submerged linear leaves (Glu¨ck, 1905) . By contrast, subsp. repens can continue growth throughout the year. Notably, cultivated material of the hybrid subsp. repens Â subsp. ranunculoides appeared to successfully maintain underwater linear leaves and remain undamaged for several days of temperatures down to À6 1C, entirely covered by ice (personal observations).
Baldellia spp. are typical of many aquatic macrophytes that germinate, grow and reproduce entirely in water or in very wet habitats. Although they can endure drier periods, for even up to several months, Baldellia taxa cannot tolerate total or prolonged desiccation of the habitat (Cook, 1983) and subsp. ranunculoides grows best in shallow water, of 5-20 cm depth. FernandezAlaez C. (1999) , studying the effects of water-fluctuation on the vegetation of small lakes in northwest Spain found the optimum growth of subsp. ranunculoides to be at depths of between 20 and 40 cm with no growth below that. B. ranunculoides subsp. repens seems to grow best in slightly shallower conditions. In both subspecies, however, the terrestrial forms produce 2-3 times more flowers and are much smaller -producing dwarf forms in very dry conditions (Glu¨ck, 1905 (Glu¨ck, , 1906 . At the other end of the scale, in very deep water (from about 1-1.5 m depth), B. ranunculoides s.l. appears to develop only linear leaves without stomata and to become completely sterile (Glu¨ck, 1906) . B. ranunculoides subsp. repens and subsp. ranunculoides have both, however, been observed growing at more than 4 m depth (Glu¨ck, 1906) , which is similar to the maximum depth (c. 5 m) for some other plants of the Helobiae-group such as Potamogeton spp. and Najas spp.
Abundance
In general, Baldellia taxa tend to have a very scattered, patchy population structure, even where they are relatively common and, as with many wetland plants of dispersed aquatic habitats, they are curiously rare in areas with suitable habitat, perhaps because these distributions represent a ''metapopulation'' structure, dependent upon active dispersal and recolonisation events.
In central Europe, subsp. ranunculoides and subsp. repens have both been strongly affected by major anthropogenic change during last two to three hundred years and some regional populations show a high degree of isolation, sometimes separated from each other by several hundred kilometres (e.g. populations on the Hiddensee Island, Ru¨gen or in Lac de Neuchaˆtel, Switzerland) . The presence of large areas of seemingly suitable but unoccupied habitats between populations in central Europe could be explained by local edaphic and climatic conditions (Krausch, 1985 (Krausch, , 1996 . Throughout the range of both subspecies there are very few regions with a high population density. B. ranunculoides subsp. ranunculoides is probably most abundant in western Ireland where it is still relatively frequent in suitable water-bodies ; for subsp. repens, the pond-rich Sologne region in central France appears to be one of the few areas with a high concentration of sites (personal observation). B. ranunculoides subsp. ranunculoides tends to be infrequent, even within occupied sites, growing as scattered individuals and rarely exceeding 30% cover-abundance whereas, by contrast, subsp. repens is able to gain local dominance close to 100% (Jones, 2006 ; personal observation).
Life cycle and biology Life cycle
All Baldellia taxa are perennial helophytes with complex life cycles, exhibiting a range of vegetative and sexually reproductive strategies. The production of seeds, shoots and (in some taxa) new inflorescence stolons occurs every year. New sites are probably colonised by means of seeds and detached buds (dispersed by birds and water movement) (Glu¨ck, 1906; Vuille, 1988) . The seeds are capable of germinating within a few weeks of ripening, so seedlings can appear during the growing season (although seeds usually remain attached to the receptacle for about 4-6 weeks). Seedling establishment only occurs in open aquatic conditions and usually in about 10-15 cm depth of water. After germination (in both subspecies) 4-5 ribbonlike leaves grow within about 3-4 weeks in shallow water and floating leaves with a lanceolate blade subsequently grow to the water surface. Seedlings rarely flower in their first year but will readily flower in their second year. The corms of both subspecies seem to last for at least three years with new corm buds appearing every year -at least in subsp. ranunculoides. In favourable conditions, these clonal offspring are potentially very long-lived. Baldellia ranunculoides subsp. repens produces leaves early in the year and existing rosettes will first produce one or more lateral vegetative shoots, which in turn grow ribbon-like-leaves and further elongated vegetative shoots. Floating leaves or directly upright lanceolate leaves will emerge depending on temperature and water depth. Both subspecies produce flowering shoots in May-June with a maximum growth of leaf cover by about August-September. In the case of subsp. repens this can form a dense carpet of lanceolate floating leaves with a network of underlying rosettes, partly connected to each other by dead and living inflorescence stolons. By November most of the still partly connected rosettes start to grow ribbon-like overwintering leaves.
Inflorescence stolons (runners) are a very efficient mode of vegetative spread in subsp. repens and usually produced after flowering (from September to December) and in the early spring (March-April) giving rise to several ''daughter'' plants (average 5; max. 8). They range from a few centimetres length to over 50 cm (Vuille, 1988) , but generally seem to die off after a year or so (in contrast with the perennial corms). Pseudovivipary is central to the ecology and reproductive strategy of subsp. repens but hardly important (if at all) in subsp. ranunculoides.
In subsp. ranunculoides the first flowering stems are produced from early to mid summer -depending on geographical location. Vuille (1988) observed that subsp. ranunculoides with its self-compatible flowers and lack of inflorescence stolons shows some of the reproductive strategies of annual plants i.e. a short, intensive flowering period with numerous flowers followed by abundant fruits, with high seedling viability. This taxon also demonstrably invests more resources in sexual reproduction than subsp. repens (Vuille, 1988) . In this context, subsp. ranunculoides might be described as an r-strategist, whilst subsp. repens tends to be Kstrategist (MacArthur and Wilson, 1967; Pianka, 1970; Grime, 1977; Jones, 2006) .
Spatial distribution of plants within populations
In general, subsp. ranunculoides grows as a few scattered or even solitary plants on the edge of relatively closed, tall-herb vegetation. B. ranunculoides subsp. repens by contrast, is found abundantly in more open, species-poor associations (Table 2 ). This represents a major difference in population structure between Baldellia taxa, reflecting the pattern of extensive clonal growth in subsp. repens and the primarily sexual reproduction and short-distance vegetative reproduction (by corm-buds) of subsp. ranunculoides (Vuille, 1988; Jones, 2006) . Thus, subsp. ranunculoides almost never forms monospecific stands and the population density tends to be relatively weak (forming dense -but highly localised -tussocks). Well-established stands of subsp. repens, by contrast, often have a very high shoot density and can frequently establish relatively large, locally dominant (even monospecific) stands. In the exposed, draw-down zone of gently shelving lakes, for instance, subsp. repens can form patches from several square metres to 1000 m 2 . The shoot density in such stands ranges from c. 10 to 100 shoots (rosettes)/m 2 (personal observation). In drier, nutrient-poor conditions or soon after establishment Baldellia taxa (especially subsp. ranunculoides) tend to grow in very loose stands or even as solitary individuals. The final size and structure of populations and their density depends on the patchiness and relative age of the habitat.
Phenology
B. ranunculoides subsp. ranunculoides: Shoot elongation starts in spring and shoot height increases until the end of May-June, reaching a peak after the formation of the inflorescence. In central and north Europe subsp. ranunculoides flowers from June to August (Casper and Krausch, 1980) whereas, in southern regions (e.g. Andalucia in Spain), it may flower as early as March and can be finished flowering before June . Since, however, plants react strongly to variations in water level, this shoot development and flowering time can occasionally be shifted back, even into late autumn. Furthermore, seed-germination can also occur within a month or so of fruit-ripening, during the same year (Glu¨ck, 1906) so, especially in larger and more extensive populations, it is possible to find flowering and regenerating plants from May up to the end of October. Water, nutrients and assimilates are then transferred into the rhizomes after flowering, the plant overwintering as seeds and/or rhizomes whilst all above-ground shoots die back in late autumn. The only tissue able to grow during winter (in unfrozen water) are the submerged, ribbon-like leaves (Glu¨ck, 1906) .
B. ranunculoides subsp. repens: The inflorescence stolons start to elongate during late winter and early spring, before the ''true'' sexual inflorescence develops (Vuille, 1988) which, in central and northern Europe, is from June to October (Casper and Krausch, 1980) . Meiosis follows the development of floral parts, although the timing of this varies between populations.
Both subsp. ranunculoides and subsp. repens show clinal variation, as demonstrated in greenhouse experiments (Vuille, 1988) . For populations of subsp. ranunculoides from northern Europe, flower-production reached a peak in May-June whilst, for more southerly populations, this occurred about a month later. Vuille (1988) concluded that earlier flowering is an adaptation to cooler climatic conditions in the more northerly populations and is probably dependent on photoperiod. Notably, the situation with subsp. repens is (under greenhouse conditions) the reverse, where southern populations actually flowered 3-4 weeks earlier than those from the north.
Reproduction
Baldellia spp. exhibit both sexual and vegetative reproductive strategies, with a strong tendency towards flowering every year. The flowers are very ephemeral, being open for only 2-4 h with, additionally, only 1-2 flowers opening at the same time in any single pseudowhorl (Glu¨ck, 1906; Vuille, 1988) . The flowers are insect-pollinated although Vuille (1988) demonstrated a trend in Baldellia toward self-pollination. The same tendency can be observed in the closely related genus Damasonium (Vuille, 1987) and it has been proposed that the evolution of self-pollination may be influenced by environmental factors restricting pollendispersal (Wells, 1979) . Jain (1976) , for instance, suggests that self-compatibility represents a selective advantage for species occupying unstable habitats or where new populations tend to be established by single founder individuals (which is the case for Baldellia and for many other plants of aquatic habitats). Durka (2002) proposed that Baldellia, in which different cytotypes and ploidy level occur, could be an example of linked ploidy levels and self-incompatibility. He speculated that an originally self-incompatible Baldellia sp. became selfcompatible through polyploidization. This would suggest that subsp. repens is the ''ancestral'' taxon. Small flies (Diptera) have been observed as pollinators (personal observation) but the exact pollinator spectrum and possible differences between Baldellia taxa have not been studied so far. The nectar is exuded in the form of 12 droplets on the inner surface of the anther ring, 6 at the base of the anthers and 6 more in between (Glu¨ck, 1906) .
B. ranunculoides subsp. ranunculoides is self-compatible and facultatively outcrossing, whereas subsp. repens is strongly self-incompatible. B. ranunculoides subsp. repens has the typical characteristics of an insectpollinated plant with high-contrast floral elements (showy pink or purple petals with glitzema and yellow anthers) as well as pollen reward and nectar production with large stigma (Fig. 6) . B. ranunculoides subsp. ranunculoides has smaller and less contrasted flowers. It has been proposed that in subsp. ranunculoides pollination can occur in submerged flower buds (cleistogamy) (Vuille, 1988; Preston and Croft, 2001) and Vuille (1988) has further demonstrated that selfcompatible subsp. ranunculoides invests more resources in sexual reproduction than subsp. repens (with more flowers and heavier, more numerous nutlets). The ripe nutlets (achenes) can stay for up to 4 months on the receptacle before falling, usually directly, into water or at the base of the plant. The nutlets can be dispersed by water (hydrochory) or by attachment to water birds (epizoochory) (Glu¨ck, 1906; Serbanescu-Jitariu, 1973) . The strongly papillose nutlet of subsp. repens may offer some advantage in this respect. The concentrations of dense and persistent fruit-clusters (especially in subsp. ranunculoides) appear to be well adapted for waterfowland seed heads in the wild often seem to have been grazed -but, as with many aquatic organisms, there is very little detailed information on their dispersal (Figuerola and Green, 2002) . Dispersal by means of water movement is certainly facilitated by the very light and corky parenchyma of the nutlet wall. Vuille (1988) observed three different means of vegetative propagation in Baldellia: (1) corm buds developing by division of the basal corm into 1-2 lateral buds; (2) runners developing through stem-elongation (these act either as an inflorescence, bearing flowers and rooting at the nodes -or grow purely vegetatively as stolons, in subsp. repens); (3) pseudovivipary through the production of vegetative buds in the inflorescence, developing into plantlets. Vegetative reproduction is reduced during flowering for all Baldellia taxa and mostly occurs during late winter or, with inflorescence stolons, in early spring and at the end of flowering (i.e. pseudovivipary).
Germination
Seeds of subsp. ranunculoides and subsp. repens can both germinate a few weeks after ripening (although more usually after about a month). The capitulae break apart and dry nutlets fall down close to the mother plant where they may float for several days and disperse or, eventually, sink under water. The seeds need to be fully immersed for germination but also seem to be more successful in fluctuating water levels (personal observation). The average germination ratio in samples of Baldellia spp. was found to be about 30% (personal observation). After germination, the small plants either anchor directly into their substrate or, occasionally, rise to the surface where they may continue growing and disperse (Cronk and Fennessy, 2001 ). Later on they can again sink and install themselves to the substrate with secondary roots (since the primary root is ephemeral). Seedlings appear to develop best in shallow water, between 5 and 15 cm depth (Glu¨ck, 1906; SerbanescuJitariu, 1973 ) but germination can, occasionally, take place directly on the mother plant, especially when a fruiting inflorescence is covered by water (Glu¨ck, 1905) . As in other species of the Alismataceae, germination is phanerocotylar (Fig. 9) : the hypocotyl internode is present and relatively long with an inconspicuous seedling collar. The cotyledon is elongated, assimilatory and more or less cylindrical, without any stomata. The first leaf is dorsiventral and can appear within two days of germination: all primary leaves are linear (Raunkiaer, 1895; Glu¨ck, 1906; Watson and Dallwitz, 1992) .
Response to competition and management
All species of Baldellia are weak competitors and generally restricted to naturally open or disturbed habitats where competition with more robust species is reduced (Preston and Croft, 2001 ). Brouwer et al. (1999) documented a decrease in subsp. repens populations from the originally softwater Lake Banen in the Netherlands, due to eutrophication and increased alkalinity (caused by inputs of sulphate-rich water from the River Meuse). There were three steps in the observed degradation and disappearance of isoetid species: first, the initially isoetid vegetation was invaded by macrophytes from more mesotrophic and eutrophic habitats (e.g. Characeae, Elodea canadensis, Utricularia australis) coupled with rapid reed (Phragmites australis) growth. After this, persistent algal blooms led to the disappearance of all softwater species (including subsp. repens) and, finally, the remaining macrophytes disappeared with the formation of a fine black mud. B. ranunculoides subsp. repens is, therefore, particularly sensitive to both eutrophication and increased alkalinity -and to the spread of more competitive species. As with many other aquatic plants of pioneer conditions, the main difficulty is to create and maintain a disturbance regime which leads neither towards neglect nor to excessive damage (Willby and Eaton, 1993; Nielsen et al., 2006) .
There are very few studies on the influence of restoration-management techniques for Baldellia taxa. Brouwer et al. (1999) and Brouwer and Roelofs (2001) reported on a large scale ''mesocosm'' restoration experiment at the subsp. repens site in Lake Banen contaminated by the River Meuse (above). In 1989, at the start of this experiment, subsp. repens only survived at one locality in the lake complexbut, after cutting off river inputs and removing mud layers most of the typical macrophytes of alkaline/eutrophic waters disappeared and softwater plants spread (and later came to dominate the site). By 1995 subsp. repens had been observed (often as the dominant taxon) in a number of localities, together with 12 other Netherlands Endangered species. Brouwer et al. (1999) concluded that subsp. repens had regenerated in this time from a viable seed bank (rather than by dispersed seed or from vegetative fragments of the remnant population) and that the most important factor in this recovery was the removal of degraded sediment. Loucougaray et al. (2004) studied the effect of grazing by horses and cattle on the plant diversity of coastal grasslands in western France. They showed that subsp. ranunculoides grew well in grazed wet depressions, under traditional (probably centuries-old) grazing management. In a similar habitat in west Wales, however (at Hen Afon Leri fields, Ceredigion), subsp. ranunculoides was seen to disappear from damp coastal pasture when grazing by cattle and horses was removed, leading to overgrowth by Phragmites (A.O. Chater, pers. comm.) . In general, the impacts of livestock on Baldellia taxa have dual and contradictory effects: they can decrease the overall population size by trampling and/or eutrophication but can also effectively reduce competition and create new sites favouring pioneer species (Wichmann et al., 2000; Grillas et al., 2004) . 
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http://doc.rero.ch Raabe and van de Weyer (1998) evaluated the effectiveness of ''species protection water-bodies'' (Artenschutzgewa¨sser), used in North Rhine-Westphalia (Germany) since 1981 for the protection of endangered plants and animals. These newly created or restored pools and ponds were originally conceived only for the benefit of amphibians but, in 1988, colonies of subsp. ranunculoides were found to be present in 5 such water bodies -although they all quickly disappeared due to further ecological succession. The long-term survival of subsp. ranunculoides depends, therefore, on active protection measures: the regular removal of woody species, mowing and/or livestock-grazing, removal of mud layers and the creation of new bare ground. There are also some additional data -partially concerning the management of Baldellia taxa -in Grootjans et al. (2002) and Grillas et al. (2004) studies of the effects of conservation measures on Atlantic and Mediterranean dune slacks and temporary dune pools.
Herbivores
There is very little information relating to the effects of herbivory on Baldellia spp. Loucougaray et al. (2004) observed subsp. ranunculoides responding well to a range of different horse and cattle grazing regimes on coastal grasslands in the Marais Poitevin, western France. These observations could illustrate a relatively high resistance to grazing but did not provide any detailed information on actual consumption rates and levels of plant damage. B. ranunculoides subsp. repens has been observed in the shallow parts of Lake Banen, Holland, growing in areas grazed intensively by horses. It grows there in very dense stands with no apparent damage from the high levels of grazing (personal observation). These plants are small and creeping, close to ground level and it is therefore possible that they resist the effects of heavy grazing through morphological adaptations and not through any other defense mechanism (e.g. chemical deterrent substances). Elger et al. (2002) studied the palatability and susceptibility of aquatic macrophytes to the pond snail Lymnaea stagnalis in cut-off channels of the River Rhoˆne floodplain in France. B. ranunculoides subsp. ranunculoides belonged to the intermediate group of choice vegetation and was mostly grazed by snails on the middle parts of the leaves. In non-choice as well as in choice experiments subsp. ranunculoides consumption was between 5 and 20 mg/g of dry weight consumed per day; these amounts placed subsp. ranunculoides in an intermediate position, as compared with other macrophytes (e.g. Berula erecta c. 15-60 mg/g, Luronium natans c. 15-35 mg/g, and Nuphar lutea c. 5 mg/g and Potamogeton coloratus c. 1-5 mg/g). In a similar study with plants from the River Ain floodplain in eastern France, Elger and Barrat-Segretain (2004) demonstrated that snail-grazing reached its maximum between September and October. Neither of these studies gave any indication, however, of morphological adaptations and/ or on deterrent chemicals but Elger and BarratSegretain (2004) did conclude that palatability could be explained by the translocation of defense substances from leaves to perennial organs before winter -a phenomenon observed in other aquatic plants (Alcoverro et al., 2000) . The fact that subsp. ranunculoides is only weakly palatable to invertebrate herbivores in spring supports other studies which show young, actively growing tissue to be richer in defense chemicals than senescent tissue (Bowers and Stamp, 1993; Dahler et al., 1995) .
Elsewhere, Rodriguez et al. (2005) reported a steep decline (up to 99%) in the density of aquatic macrophytes after the introduction of invasive crayfish, Procambarus clarkia, in the Chozas shallow lakes of northwest Spain. In this study, subsp. ranunculoides and many other rare species disappeared within 1-2 years of this introduction and, although this also corresponded with a general deterioration of water and habitat quality, the disappearance of Baldellia was directly attributed to this herbivory. Previous studies have also demonstrated that this crayfish has a strong preference for fresh plant food (Gutierrez-Yuritta et al., 1998) .
Mycorrhiza
Microscopic arbuscular mycorrhizae (AM) have been detected in the fine root systems of subsp. ranunculoides from the Macchia Lucchese nature reserve in northwest Tuscany, Italy (Maremmani et al., 2003) . The plants investigated grew in a slack at the back of the dune system and AM were found in 65% of all investigated plants. It was suggested that this low incidence of nonmycotrophic species indicates their inability to compete successfully with mycotrophic species.
Physiological data
There is a relative lack of available data on physiological processes in Baldellia spp. and a detailed discussion of this subject is not yet possible. has studied the nutrient uptake and accumulation in tissues of aquatic macrophytes from several lakes in northwest Spain and, by comparison with Chara sp. and twelve other angiosperms, subsp. ranunculoides belonged to the category with a higher concentration of nitrogen (on average c. 2.5% of dry weight). In terms of its organic carbon ratio subsp. ranunculoides has a relatively lower concentration compared to the other sample macrophytes (c. 38% of dry weight). The concentration of phosphorus was intermediate, at c. 0.15% of dry weight. According to Garbey et al. 22 http://doc.rero.ch (2004) , however, subsp. ranunculoides has some of the lowest tissue phosphorus concentrations, compared to other aquatic macrophytes, which could be significant, since the availability and storage potential of nutrients (and perhaps especially phosphorus) plays an important role in the development and distribution of these species (Carr and Chambers, 1998; Wassen et al., 2005) .
Biochemical data
The study of biochemical diversity in the Alismataceae is still in its early stages and there is almost no biochemical data on Baldellia spp. Tomlinson (1982) gives starch as a storage substance, mainly found in corms or rhizomes but also in the petioles, commonly in association with vascular bundles. The presence of latex-secreting canals (lactifers or schizogenous lacunae) in Baldellia spp. is unusual amongst the Alismataceae and very uncommon within monocotyledons generally (Meyer, 1932; Stant, 1963) . Tomlinson (1982) reports the presence of tannins and flavonoids in some genera of the Alismataceae (without exact data on Baldellia spp.) but Dahlgren et al. (1985) indicate that anthocyanins and leucoanthocyanins are generally lacking. Species of Alisma (which are closely related to Baldellia spp.) are reported to be cyanogenetic whilst certain phenolic glycosides with caffeic acid, chlorogenic acid and quercetin occur in the wider order Alismatales (Dahlgren et al., 1985) .
All Baldellia spp. have very strong coriander-like smell (Rodriguez-Oubina and Ortiz, 1991; Romero et al., 2003) , whose chemical composition has not yet been studied. It is therefore unclear whether this odour has any chemical affinities with the powerful and penetrating aldehydic aroma occurring of Coriandrum sativum (Apiaceae). The smell of C. sativum is dominated by E-2-alkenals (volatile defense substances in plants) and E-2-alkenols (plant growth regulators and fungicides, e.g. long chain aldehydes Z-2-decenal, E-2-decenal C 10 H 18 O, E-2-dodecenal), and alcohols: E-2-dodecenol, 1-dodecanol (C 12 H 25 OH) as well as betaionone (C 13 H 20 O), eugenol (C 10 H 12 O 2 , phenolic monoterpene) (Eyres et al., 2005) .
In traditional medicine the leaves of Baldellia are used for their ''cooling'' and ''repelling'' effect. An extract is claimed to stop bleeding and bloody urine and, applied to the breasts, ''dries up the milk very soon'' (www.xn-heilkruter-finden-vqb.de).
Genetic data Karyological data
The basic chromosome number in the Alismataceae varies from x ¼ (5-)7 to 11(-13) (Dahlgren et al., 1985) and, for Baldellia, Darlington and Wylie (1955) gave x ¼ 7, 8, 9 (for a summary of all available chromosome numbers see Table 3 and Fig. 10 ). Thus, different chromosome numbers have been observed in the genus Baldellia: 2n ¼ 14, 16, 18, 20, 22, 30 . B. ranunculoides subsp. repens and subsp. ranunculoides have not always been clearly separated during chromosome-counting studies and possible misidentifications prevent any general conclusions for both subspecies (Lawalre´e, 1959; Triest and Vuille, 1991) . All these research findings should therefore be taken with caution or else repens, but they probably used Fernandes et al. (1948) as their source.
The most common chromosome number in B. ranunculoides s.l. across Europe is 2n ¼ 16 (Table 3; Figs. 10 and 11). This number has so far been determined for populations in Sweden, Germany, Great Britain, Ireland, Switzerland, France, Spain and Portugal Lo¨ve, 1944, 1961a; Bjo¨rkqvist, 1968; Bjo¨rkqvist et al., 1969; Schotsman, 1970; Fernandez Casas, 1978; Pastor, 1983; Uchiyama, 1989; Triest and 
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http://doc.rero.ch Vuille, 1991; and Silvestre, 1993) . The lower chromosome number of 2n ¼ 14 was reported by Palmgren (1943) from Denmark, by Gadella and Kliphuis (1963) from Holland and also by Delay (1948) for material of unknown origin. Higher chromosome numbers were reported by Hagerup (1944) for Denmark, with 2n ¼ 18; by Vogt and Oberprieler (1994) for Morocco with 2n ¼ 20; by Clavier (unpublished data of unknown provenance, noted by Darlington and Wylie, 1955 ) with 2n ¼ 22; and, finally, 2n ¼ 30 given by Dandy (1980) in Flora Europaea and by Franco and Afonso (1994) in their Flora of Portugal. Neither of these two Floras provides any source, however, for the higher counts. Hess et al. (1977) noted the morphological similarity between the chromosomes of Baldellia and Alisma and this observation is confirmed by Uchiyama (1989) in his comprehensive karyomorphological studies of the Alismataceae and other related families. The chromosome morphology at interphase and mitotic prophase were almost identical with that of Asiatic Alisma plantagoaquatica subsp. orientale Samuelson. This observation, as well as the similar chromosome numbers and presence of a similar aneuploid series underline the close relationships between these two Alismatacean genera.
From these chromosome numbers it is very likely that Baldellia shows a similar aneuploid series to that observed in the closely related genus Alisma: 2n ¼ 10, 12, 14, 16, 24, 28, 34 (Baldwin and Speese, 1954, 1955; Hess et al., 1977) and in some other groups of flowering plants (e.g. Astragalus: Wojciechowski et al., 1993; Claytonia: Lewis, 1962; Amsinckia: Ray and Chisaki, 1957) . It has been proposed that dysploidy (or ''aneuploidy'' in some sources) is an important factor in the evolution and diversity of many groups of vascular and non-vascular plants (Camp and Gilly, 1943; Polhill and Raven, 1981; Wojciechowski et al., 1993) and this phenomenon could be responsible for some of the adaptive radiation in Baldellia, reflecting specialised edaphic conditions and extreme microhabitats. Manning and Goldblatt (2001) also suggest that ascending dysploidy is rare in plants compared to descending dysploidy and this hypothesis could be supported within the Alismataceae, if the chromosomally stable genera (i.e. Echinodorus n ¼ 11 and Sagittaria n ¼ 11 and 10) possessed the ancient chromosome numbers. Baldellia and Alisma, by contrast, would seem to show descending dysploidy (n ¼ 11, 10, 9, 8, 7) in this model. According to Favarger (1980) , such taxa with a pure dysploid series (without polyploidy) would appear to be undergoing strong evolutionary processesalthough the high count of 2n ¼ 30 reported by Dandy (1980) could be an example of polyploidy (4n) (Durka, 2002) . Rye and James (1992) demonstrated that dysploid reduction in the Myrtaceae serves the short-term advantage of ensuring greater genetic uniformity through reduced recombination and Selvi and Bigazzi (2002) , studying several species of Nonea (Boraginaceae) from Turkey, proposed that descending dysploidy was associated with shorter life cycles, as an adaptation to difficult or unstable ecological conditions. Since the chromosome counts in Baldellia spp. are still relatively patchy, it is not yet clear if any descending (or ascending) series of chromosome numbers is either geographically or ecologically patterned, as has been observed in other groups of plants (e.g. Strother and Brown, 1988) . There do, nevertheless, seem to be two centres of high chromosome number diversification for Baldellia (Fig. 10) : first in the Iberian peninsula and North Africa (2n ¼ 16, 18, 20) and secondly in southern Scandinavia and the Benelux countries (2n ¼ 14, 16, 18) . In all other regions 2n ¼ 16 dominates. The high chromosomal variability in the Iberian peninsula could provide further support for this region as the centre of diversification and/or origins in Baldellia sp. (so-called centrifugal differentiation/evolution sensu Favarger, 1980) . The presence of the second, highly differentiated, centre in the Netherlands and south Scandinavia shows, however, that dispersal and evolutionary processes in Baldellia could be very complex and will need still further investigations. Additionally, the centre of morphological variation of B. ranunculoides s.l. appears to lie in west-central France, so it is not clear if there is any correlation between clinal morphological variation and chromosomal patterns.
Genetic variation
There is very little available data on genetic variation in Baldellia. From studies of the isozyme variation in material collected from Spain, Portugal, UK, France, Holland, Belgium and Italy, Triest and Vuille (1991) clearly demonstrated two distinct groups, corresponding to the species B. ranunculoides s.l. and B. alpestris (with an average 41% genetic diversity). The genetic distance between subsp. ranunculoides and subsp. repens was, on average, only 11% and in cluster analysis, subsp. repens appears as one subgroup of subsp. ranunculoides. This could represent relatively recent and continuing evolution in subsp. repens (in contrast to the palaeoendemic subsp. ranunculoides). Recently, Jacobson (2003) studying the phylogeny of the genus Alisma using several genetic markers (RAPDs, allozymes, ITS and trnL sequences) showed, however, that there are clear differences between both subspecies of B. ranunculoides s.l. Furthermore, Triest and Vuille (1991) showed that subsp. repens has a higher genetic diversity between and within populations than subsp. ranunculoides -most likely due to their different reproductive biology: subsp. repens is self-incompatible whereas subsp. ranunculoides is capable of both outbreeding and self-compatibility. It is known that outbreeding aquatic plants generally exhibit more genetic diversity (Triest, 1991a) . These results also confirm the general observation that aquatic plants only show very limited genetic diversity (Barrett et al., 1993) , perhaps as a result of widespread clonal growth and multiplication as well as relatively frequent long-distance dispersal (Santamaria, 2002) .
Hybrids
Hybrids between subsp. repens and subsp. ranunculoides are readily synthesised in cultivation and are both morphologically intermediate and self-compatible (Triest and Vuille, 1991) . They are also able to back-cross with both parent subspecies (personal observation), holding out the possibility of introgression within hybrid populations in the wild. Under natural conditions, however, the two subspecies grow in different habitats so that pollen exchange is probably a rather rare phenomenon. Dupont (1990) , for instance, observed that subsp. ranunculoides is not usually found in regions of France where subsp. repens is common. From a range of morphological and molecular data, however, Vuille (1988) and Triest and Vuille (1991) have demonstrated that at least some individuals from populations in Sardinia (and perhaps also in Portugal and France) could be regarded as natural hybrids. Jones (2006) also reported intermediate (and probably hybrid) plants from Pembrokeshire (UK) where acid and calcareous habitats both overlap in the same coastal heath complex. It is very likely that these hybrids have contributed significantly to a historical confusion over B. ranunculoides subspecies in certain parts of their range and to the reluctance of some botanists to accept these as well-marked and reliable taxa (e.g. Smith, 1828 ; N.Y. Sandwith manuscript at Kew). The new subspecies of B. ranunculoides described by Molina Abril et al. (1994) from Spain (subsp. cavanillesii) could be yet another hybrid example, with apparently intermediate morphology. Natural intergeneric hybrids with Baldellia are rarely described and doubtful. There are two reported hybrids with Alisma plantago-aquatica from Ireland and Morocco and one reported infertile hybrid with A. lanceolatum (2n ¼ 28) (Hess et al., 1977; Markgraf, 1981) .
Conservation status and threats
The available information on the global conservation status in Baldellia taxa is fragmentary and very heterogenous but B. ranunculoides s.l. could be one of the most rapidly declining vascular plants in Europe (Preston and Croft, 2001; Jones, 2006) . It has declined in practically all regions of central and northern Europe and even in countries where it is not officially listed as under threat (e.g. Ireland, Preston et al., 2003) . There is no detailed information for the southern and eastern parts of its range but subsp. ranunculoides is listed as Extinct (IUCN category EX) in Estonia, Latvia, Lithuania, Sicily and Slovenia, and most probably in Poland. It is Critically Endangered (CR) in Croatia, Italy and Switzerland, Endangered (EN) in Belgium, Germany, the Netherlands and Sweden (Moser et al., 2002) and Near Threatened (NT) in Great Britain (Cheffings and Farrell, 2005) . There is insufficient data for many other countries in its range and the conservation status of subsp. repens is not at all well documented. With the exception of Belgium, the Netherlands, Norway and Great Britain (where it is only listed at ''Data Deficient''), subsp. repens is not even recognised in most published Red Lists.
B. ranunculoides subsp. ranunculoides is Critically Endangered in central Europe and strongly in decline throughout. It is Extinct in several Federal states of Germany and decreasing in practically all regions. Some new rediscoveries (Hiddensee, S. Fehrenz, pers. comm.) and successful conservation efforts (North RhineWestphalia, U. Raabe, pers. comm.) have not changed this general trend. Over 55% of occurrences in western Federal states, and c. 70% of historic populations in eastern Federal states could not be refound at the end of the 20th century (Haeupler and Scho¨nfelder, 1988; Benkert et al., 1998) . The same level of decline has been observed elsewhere in north Europe. B. ranunculoides subsp. ranunculoides is classified in Belgium as Endangered (EN), whilst subsp. repens is Critically Endangered (CR) (www.instnat.be); in the Netherlands, subsp. ranunculoides is Endangered (EN) and subsp. repens is classified as Vulnerable (VU) (Cools, 1989; Weeda et al., 1991) . In Switzerland the situation is even worse (subsp. ranunculoides: category CR). From a former 51 recorded sites only four still exist today, with no more than 250-500 individuals in total (Ka¨sermann and Moser, 1999; personal observation) .
Habitat destruction, anthropogenic disturbance, hydrological alterations and changes in water and substrate quality seem to be the most significant threats to Baldellia subspecies but the list of observed and/or potential threats to these taxa and their habitats is very long. It includes lake shore development, recreational activities, the infilling of water bodies, successional overgrowth of ponds and heath pools used for stock watering, drainage of fens and wet meadows, the disappearance of ditches through agricultural improvement, flood-control management, water body and bank regularisation, disuse or drying out of canals, drainage, physical disturbance of sediments (wild boar digging, livestock trampling, vehicle tracks, etc.), eutrophication, pollution from a range of contaminants, acidification, enhanced carbon dioxide concentration and invasion by competitive species (Roelofs, 1983; Triest, 1991b; Cronk and Fennessy, 2001; Preston and Croft, 2001; Murphy, 2002; Roelofs, 2002; Grillas et al., 2004; Kennedy and Murphy, 2004) .
Taxonomy, in general, reflects ecological difference and the two subspecies of B. ranunculoides should also have their own distinct threats and management needs. The characteristic upright growth of subsp. ranunculoides, for instance, and its strong annual flowering and seedoutput all seem to be adaptations to more productive habitats -but also need high levels of disturbance. By contrast, the low-growing and largely vegetative subsp. repens seems morphologically (and perhaps physiologically) adapted to more naturally open, low-nutrient water bodies. It is probably also more vulnerable, however, to the effects of enrichment. And the two different breeding systems could also have differing ecological outcomes. For example, Baldellia -like many aquatic plants -tends to establish new colonies through individual founders but only populations of subsp. ranunculoides descended from a single plant can then regenerate from seed. Newly established populations of the self-incompatible subsp. repens and those at the edge of its geographical range are far less likely to be sexually fertile and are consequently more vulnerable to periodic crises such as successional overgrowth or drought.
The two subspecies undoubtedly have other selective advantages (the papillose nutlets of subsp. repens, for instance, seem better adapted to dispersal on mammals and birds) but there are still many gaps in their autecology. It is important to recognise, however, that the generalised taxon Baldellia ranunculoides s.l. actually conceals two (generally) distinct taxa and a range of differing conservation needs. These differences have been widely overlooked or misunderstood throughout the species' range with adverse consequences for its conservation as a whole. There is also a tendency in plant conservation to ignore subspecies (and hybrids) or at least to assess them collectively under a broader taxonomic grouping. There is a strong argument, however (as is commonly the case with vertebrates, for instance), to independently redlist these infraspecific taxa or at least to recognise the significance of variation, even when it does not fit into convenient taxonomic categories.
